Studies on the Regulation of X-Prolyl Dipeptidyl Aminopeptidase Activity
The specific activity of X-prolyl-dipeptidyl aminopeptidase in Saccharomyces cerevisiae grown on glucose-containing medium remains constant during exponential growth and increases less than twofold when cells reach the stationary phase. In cells harvested from exponential growth on glucose-containing medium the specific activity of the enzyme is found to be 20-30% lower than the specific activity observed in media without glucose, containing acetate or ethanol as the carbon source. X-Prolyl-dipeptidyl aminopeptidase is not inactivated after the addition of glucose to stationary phase cells. Growth of the yeast on poor nitrogen sources or under nitrogenstarvation results in a three-to fourfold increase in the level of the enzyme.
I N T R O D U C T I O N
Information on the factors that regulate the level of yeast proteases and peptidases might give valuable clues to the physiological function of these proteins. In Saccharomyces cerevisiae, the specific activities of the three well characterized proteinases, protease A (EC 3.4.23.8, now included in EC 3.4.23.6), protease B (EC 3.4.22.9) and carboxypeptidase Y (EC 3.4.16.1) (for a review see Wolf & Holzer, 1980) have been shown to increase several fold during transition from exponential growth to stationary phase and to be lower in rich medium than in minimal medium (Saheki & Holzer, 1975) . These three proteinases are present at much lower levels in cells grown on glucose than in cells growing on other carbon sources, such as acetate or ethanol (Hansen et al., 1977) . On the other hand, aminopeptidase I, becomes inactivated upon addition of glucose (Frey & Rohm, 1979) , whereas none of the three above mentioned proteinases nor their inhibitors are sensitive to 'catabolite inactivation' (Hansen et al., 1977) .
Yeast proteinases are also regulated by nitrogen sources, thus the levels of aminopeptidase I and dipeptidase are substantially higher in cultures growing exponentially on a poor nitrogen source than those in cells kept in peptone, while aminopeptidase I1 changed little (Frey & Rohm, 1978) . Carboxypeptidase S, a second carboxypeptidase from yeast discovered in a carboxypeptidase Y mutant (Wolf & Weiser, 1977) shows a drastic increase in specific activity during cell growth on the dipeptide N-Carbobenzoxy-Gly-Leu, due probably to induction (Wolf & Ehmann, 1978) .
Recently, we discovered a new peptidase activity associated with a microsomal fraction of Saccharomyces cerevisiae, which we called X-prolyl-dipeptidyl aminopeptidase (EC 3.4.14. -) (SuArez Rendueles et al., 1981) . We report here studies on the regulation of this new enzyme during vegetative growth. Data are presented which allow a clear differentiation of this enzyme from the yeast proteinases so far described with respect to regulation of enzyme levels by carbon and nitrogen sources.
METHODS
Ycast strain and growth conditions. The experiments were performed with Saccharomyces cerevisiae 1022, a diploid wild-type strain, kindly supplied by Dr A. Wiemken (ETH, Zurich).
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Cells were grown in 'minimal medium' (yeast nitrogen base), with carbon and nitrogen sources as specified.
Cultures were incubated at 28 "C with shaking and growth was followed by measuring the absorbance at 600 nm.
Chemicals. Yeast nitrogen base [with or without amino acids and (NH4)2S04 as indicated] and yeast extract were from Difco. L-Alanyl-L-proline-p-nitroanilide was obtained from Bachem (Switzerland). DGlucose, D galactose and potassium acetate were from Merck and all other chemicals used were from Sigma.
Preparation of cell extracts and enzyme assays. Crude extracts and determination of X-prolyl-dipeptidyl aminopeptidase activity were done as described previously (Subrez Rendueles et al., 198 l), carboxypeptidase Y was assayed according to Aibara et al. (1971) , glucose-6-phosphate dehydrogenase (EC 1.1 . 1 .49) as described by Gancedo & Gancedo (1971) , and malate dehydrogenase (EC 1.1.1.37) according to Ochoa (1955) . Units of activity (U) with all the above mentioned enzymes are expressed as pmol reaction product min-l.
Protein determination. Protein content of crude extracts was determined by the Lowry method, with bovine serum albumin as the protein standard.
RESULTS AND DISCUSSION
Intracellular levels of X-prolyl-dipeptidyl aminopeptidase show no change during exponential growth on glucose and ammonium and exhibit a slight increase of less than twofold in the stationary phase. The behaviour of the enzyme differs from that reported for protease A, protease B and carboxypeptidase Y (Saheki & Holzer, 1975) or carboxypeptidase S (Wolf & Ehmann, 1978) which undergo more drastic changes under similar conditions.
The influence of different carbon sources on X-prolyl-dipeptidyl aminopeptidase levels is shown in Table 1 . The peptidase was found at slightly lower levels in cells growing on glucosecontaining medium than on acetate-or ethanol-containing media. Glucose-6-phosphate dehydrogenase which was assayed as a control enzyme, showed no change at all, as had been shown previously (Gancedo & Gancedo, 1971 ; Hansen et al., 1977) . Malate dehydrogenase, a 'catabolite repressible' enzyme is found at appreciably higher levels in cells harvested from either acetate-or ethanol-than from glucose-containing medium. This effect, although less acute is also seen on carboxypeptidase Y levels, in agreement with previous observations made by Hansen et al. (1 977) . This result differentiates X-prolyl-dipeptidyl aminopeptidase from vacuolar yeast proteases which have been shown to undergo catabolite repression (Hansen et al., 1977) .
Experiments (Table 2) were performed to determine whether X-prolyl-dipeptidyl aminopeptidase was inactivated by the addition of glucose to the growth medium. In these experiments, cells were grown for 40 h in 0.67% (w/v) yeast nitrogen base with 1 % (w/v) glucose, to stationary phase (no glucose could be detected in the medium after 8-10 h of incubation). Glucose was then added to the medium to a final concentration of 1 % (w/v). Extracts were prepared from cells harvested just prior to the addition of glucose (zero-time) and 30,60,90, 120 and 180 min after the addition of glucose. Changes in activities with time were calculated as a percentage of the Hansen et al., 1977 . In this respect, our enzyme behaves differently from aminopeptidase I, which is inactivated after the addition of glucose to stationary phase cells (Frey & Rohm, 1979) . The influence of various nitrogen sources on X-prolyl-dipeptidyl aminopeptidase levels in growing cells, as well as those of carboxypeptidase Y (chosen as an example of vacuolar yeast protease), is shown in Table 3 . The results obtained with both enzymes were very similar, thus growth on a rich nitrogen source (Casaminoacids or yeast extract) leads to a decrease in enzyme levels of about 1.5-to 2.0-fold compared to growth on ammonium. A slight increase was found after growth on the single amino acid valine and the highest activity was obtained with isoleucine as sole nitrogen source. This increase was partially repressed in the presence of ammonium sulphate. Similar behaviour has been found for yeast aminopeptidase I, while aminopeptidase I1 activity seems not to be regulated by the nitrogen source (Frey & Rohm, 1978) .
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X-Prolyl-dipeptidyl aminopeptidase levels were measured under conditions of nitrogen starvation and compared with those of carboxypeptidase Y (Table 4) . It can be seen that cell growth (measured as A,,,) increased twofold while protein was not accumulated during nitrogen starvation, as described by Johnston et al. (1977) for Saccharomyces cerevisiae. X-Prolyldipeptidyl aminopeptidase increased about threefold after 6 h of nitrogen deprivation while the observed increase for carboxypeptidase Y in those conditions was fourfold.
